Case
A 26-year-old man with no relevant risk factors for coronary artery disease, other than tobacco smoking, was admitted to our clinic because of retrosternal chest pain radiating to both arms for approximately 2 hours. On physical examination, he was distressed and sweaty, his blood pressure was 100/60 mm Hg. An electrocardiogram (ECG) showed sinus rhythm, heart rate of 55-60 bpm, and 2-3 mm ST-segment elevation formations on lead II, III and aVF derivations (Fig. 1A) . The patient was not taking any medications. Later on, it was determined that patient had been smoking cannabis 2 times a week for the prior 8 years (last consumption 3 hours before onset of symptoms) and, in addition, smoked 10-15 tobacco cigarrettes per day over the same time period. In the emergency room, the patient was given aspirin first, followed by clopidogrel (a loading dose of 600 mg) and intravenous heparin (10000 IU). The patient was not given any thrombolytic therapy or the glycoprotein IIb/IIIa inhibitor before percutaneous coronary intervention (PCI). Thereafter, the patient was taken immediately to the coronary angiography laboratory for PCI. On coronary angiogram, it was observed that patient had minimal coronary irregularities, except for the total occlusion of proximal portion of the right coronary artery with a large thrombus burden (Fig. 2) . A 0.014 inch intermediary guidewire was passed through the occlusion into the distal vessel, resulting in thrombolysis in myocardial infarction (TIMI)-0 flow. It was not possible to aspirate the large clot due to a lack of aspiration catheter at that moment. The large thrombotic burden and long coronary irregularities were seen after the culprit lesion was first predilated with 3.0×10 mm and 3.0×20 mm sized balloon catheters. We administered 200 microgram of nitroglycerin to the patient via the intracoronary route. Because of a large thrombus burden, a long irregularity of the right coronary artery and distal embolization, 3 differently sized stents were implanted, followed by intracoronary and intravenous infusion of the glycoprotein IIb/IIIa inhibitor, tirofiban, during PCI. Final angiography displayed no residual lesion with TIMI-III flow (Fig. 3 ). Patient's symptoms rebounded significantly after PCI. Then, ECG gradually showed the resolution of ST-segment elevation with Q-wave in the inferior leads (Fig. 1B) . 
Discussion
Marijuana, which is drived from the plant Cannabis sativa, has been used for more than thousand years and for many different medicinal and recreational purposes.
1)2) Although marijuana is known to contain at least 60 separate chemical products, the main biological effects of smoking marijuana result from delta-9-tetrahydrocannabinol (THC) and other cannabinoids (CBs). The effects of CBs are chiefly mediated by the activation of CB receptors. Two main subtypes of CB receptors have been determined and cloned (CB1 and CB2). While CB2 receptors are localized primarly to cells of the immune system, CB1 reseptors are found mainly in the central nervous system and, to a lesser extent, in certain peripheral tissues, such as the heart, adrenal gland, adipose tissue, liver, lung, and pre- 
2)
Cases of AMI, including other acute coronary syndromes, have rarely been reported as a consequence of marijuana use in the literature. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] We were able to determine that only 13 cases have been published with this specific entity through an inclusive search in PubMed. These case findings are displayed in Table 1 . The mean age of patients was 30 years, with 92% being male. All patients presented with chest pain and MI, except for one patient case, which presented with palpitations, chest pain, near syncope, and ventricular tachycardia. The time from THC consumption to onset of symptoms ranged from 1 hour to 5 days. Although the underlying mechanism is not exactly known, some authors have speculated that the harmful effects of cannabis on the hemodynamic system may have precipitated the occurrence of MI in these cases. The cardiovascular effects of marijuana proceed primarily from a dose-dependent physiological effect on the autonomic nerve system. In acute doses, marijuana leads to a tachycardic effect of up to 160 beats per minute or higher, and a minor pressor-effect by increasing the sympathetic activity; chronic doses cause hypotension and bradycardia by increasing parasympathetic activity. A previously reported study has shown that marijuana smoking caused elevated carboxyhaemoglobin levels, resulting in reduced oxygen-carrying capacity, and 16) has also provided important evidence indicating that marijuana is a trigger of MI. In this study, it was reported that the risk of MI onset was elevated nearly 5 times over baseline in the hour after marijuana use, and the increased risk progressively decreased thereafter. Thus, the striking effects of marijuana may lead to deterioration of the balance between myocardial oxygen demand and supply, which easily prepares for an environment suitable for myocardial tissue ischemia. The effects of marijuana on coronary circulation in humans have not been well studied. Marijuana has various effects, such as vasoconstriction or vasodilation on different vascular beds and, may also cause coronary vasospasm or slow coronary flow (SCF) by its sympathetic or minimal pressor effects, especially in patients with atherosclerotic lesions present.
2)4)9)12)15-17) Karabulut and Cakmak 12) reported a case of inferior MI in a patient who had consumed marijuana regularly over a long period and whose coronary angiography demonstrated SCF. The authors concluded that marijuana consumption could be a major precipitating factor for SCF and MI. An additional study by Mukamal et al. 17) suggested that marijuana may carry particular risk for susceptible persons with known cardiovascular disease. On the other hand, the culprit lesion in the vast majority of MIs usually develops at the site of a disrupted non-stenotic atherosclerotic plaque. Some authors have proposed a mechanism by which marijuana induced-spasm eventuates in endothelial denudation at the site of a stenotic or non-stenotic vulnerable atherosclerotic plaque in response to hemodynamic stressors. Hence, vasoactive and hemostatic factors released by platelets at this point may give rise to occlusive thrombus formation, culminating in AMI.
3)16)17) A report by Maclnnes and Miller 3) described a case of 32-year-old man with a ruptured coronary plaque leading to thrombus after marijuana use. In parallel with this logic, coronary vasospasm and endothelial damage at the position of sensitive plaque may be of great importance in the pathophysiology of AMI induced by marijuana abuse. Another plausible explanation is that marijuana may have a direct effect on platelets or on the coagulation system. There is conflicting information on this topic. While some studies have demonstrated an inhibiting effect of large THC concentrations on agonistinduced platelet aggregation, others have reported elevated aggregation of platelets in the presence of THC.
2) With regard to the effects of marijuana on the coagulation system, it has been reported that marijuana induced a minimal increase in factor VII activity, despite no clinically important changes in the coagulation system. 2) Based on the availability of limited data, it is not clear as to whether marijuana alone induces direct thrombosis formation. A subject of debate is whether marijuana-induced atrial fibrillation (AF) may result in coronary artery embolism, thus, leading to AMI. The majority of the aforementioned mechanisms are also acceptable in the underlying mechanisms of marijuana-induced AF. In recent years, it has been reported that few cases demonstrate an association between marijuna use and the development of AF.
18)
Such an association may play a crucial role in the clinical setting of patients with AMI caused by marijuana, even in short self-terminating episode of AF, in which AF may give rise to thromboembolic events, leading to coronary emboli. A formerly published case has demonstrated that AMI caused by coronary thromboembolism has taken place in patients with AF, even in the absence of the coronary artery disease or other risk factors. 19) For this reason, it is reasonable to think that one of the most probable causes of AMI in a young individual, in particular related to large thrombosis, as in our case, may be due to marijuana-induced AF.
In conlusion, our report deals with the importance of awareness of the marijuana that may give rise to AMI, through the mechanisms discussed above, in apparently healthy young persons who occasionally or habitually use this drug.
